Our objective was to examine the influence of adult and childhood socioeconomic status (SES) on attained adult food intake patterns. We used data from a 20-to 22-y follow-up study of 1904 Danish teenagers. The baseline survey was conducted partly in 1983 and partly in 1985 and the follow-up survey was conducted in 2005. Dietary data were collected at follow-up using a 195-item FFQ. Food patterns were derived from principal component analysis. Two food patterns labeled "traditional-western food pattern" and "green food pattern" were identified. In men, adult SES was inversely associated with adherence to the traditional-western food pattern. High adherence to the green food pattern was positively related to high adult SES in both sexes. Among women, those with high SES in childhood had higher green food pattern factor scores than those with low childhood SES, regardless of adult SES. Among men, those with high adult SES had higher green food pattern factor scores than those with low adult SES, regardless of childhood SES. In conclusion, socioeconomic position is important for the development of adult food intake patterns. However, childhood SES seems more important for adult female food intake patterns, whereas adult SES seems more important for adult male food intake patterns. J. Nutr. 141: 928-934, 2011. 
Introduction
Even in affluent Western European societies, there are substantial socioeconomic inequalities in health behaviors, including dietary habits (1) . Furthermore, dietary habits have been found to depend partly on food preferences established from early childhood (2) , but identification of the factors with the potential to influence habitual dietary intake later in life is not well established.
Dietary habits are often described by single nutrients, such as macronutrient energy percentages, total energy intake, or intake of 1 or a few food groups such as fruit and vegetables. However, food intake patterns derived from principal component analysis (PCA) 6 or other data-driven methods take into account the combination of foods in the diet, and the behavior related to dietary intake is, therefore, partially included. Such a description of the diet may, therefore, be more complete than with the use of measures of single nutrients.
Several studies have demonstrated an association between healthy dietary habits and a current high socioeconomic status (SES) (3) (4) (5) (6) . However, because food preferences are partly established during childhood, it is not clear to what degree this association is related to current and previous SES.
Our hypothesis was that high SES was related to healthier dietary patterns than low SES. Furthermore, we hypothesized that change from lower to higher SES between childhood and adulthood was associated with healthier dietary patterns in adulthood than change from higher to lower SES between childhood and adulthood.
Our aims in this study were, therefore, to examine the associations between attained food intake patterns derived from PCA and adult SES in men and women and examine the influence of previous changes in SES on attained food intake patterns.
Methods
Study population. The study was based on a 20-to 22-y follow-up survey of 3008 Danish teenagers born between 1963 and 1969, who participated in 1 of 2 baseline surveys in 1983 and 1985. The 2 baseline surveys used different sampling strategies, but a large number of the questions were identical. Both baseline surveys consisted, among other measures, of a general questionnaire including questions on BMI, SES, physical activity, etc. The follow-up study consisted of a general questionnaire, a FFQ, and a cheek scraping for DNA analysis, all distributed and returned through mail correspondence. Unfortunately, it was not possible to trace all participants from the baseline survey. Some persons had died, left Denmark, or requested not to be contacted for research purposes. Other persons could not be traced due to incomplete contact information, and part of the participants from the 1985 baseline survey could not be linked to baseline data due to missing information on the link between the anonymous identification number and contact information and were therefore not eligible for longitudinal analyses. Hence, 1904 persons invited to participate in the follow-up study were eligible for longitudinal analyses, of which 786 (41%) chose to participate in the study. Complete data for the present study were available for 644 persons. All participants gave written informed consent. The study was conducted in accordance with the Helsinki Declaration and was approved by the local ethical committee (KF 01-260/04).
Dropout. Participant (n = 786) and nonparticipant (n = 1118) age did not differ at follow-up (P = 0.25). More women than men accepted to participate in the follow-up survey (P = 0.0001). Furthermore, participants had lower BMI than nonparticipants (20.3 vs. 20.6 kg/m 2 ; P = 0.004), and a higher proportion of participants than nonparticipants were in SES group 1 (33.9 vs. 26.7%; P = 0.004).
Dietary data. A self-administered, 195-item, semiquantitative FFQ previously used and validated (7, 8) was applied to assess dietary intake. The participants reported their mean daily intake of each item during the previous year in up to 11 categories, ranging from "rarely/never" to "8 or more portions/d." The frequencies were subsequently converted to g/d using sex-specific standard portions of each food item (9) . Nutrient intakes were calculated using the Danish Food Composition Data Bank, revision 6 (10).
Food patterns. The dietary data were aggregated into 30 food groups based on similarities in macronutrient composition and/or daily use, taking into account Danish food tradition and dietary guidelines (11) (Supplemental Table 1 ). Daily intake of energy from each of the 30 food groups was calculated. Input for the computation of food patterns was energy intake (kJ) from 24 of the 30 food groups. We decided to use energy intake from the 24 food groups to get a more precise and detailed description of the food intake patterns of the participants than with use of g/d or frequencies. When using g/d or frequencies, especially the water content might influence the derived dietary patterns in unpredictable ways. Furthermore, differences in the macronutrient composition between the food groups might influence the derived dietary patterns and these are taken into account when using energy intake from the food groups.
Food groups with .50% missing values (offal and butter or margarine for bread) or very low energy content (coffee/tea, artificially sweetened soft drinks, and water) were excluded from pattern analyses. Furthermore alcoholic beverages were excluded, because alcohol is not a necessary part of the diet. Participants with a large number of missing values (.25%) were excluded from the analyses. If only a small number of values were missing (#25%), these were replaced with the mean values for the food groups in question. In 17 of the 24 included food groups, there were between 1 and 17 missing values, which were replaced with the group mean. A total of 131 values were missing and replaced with the appropriate group means.
Food patterns were identified using PCA in SPSS. The final PCA was conducted on merged data from men and women, because the results were essentially similar in preliminary analyses where men and women were analyzed separately. The number of factors (principal components) was determined by inspection of scree plots (Supplemental Fig. 1 ) and the combination of food groups with high loadings on each factor. Food groups with factor loadings . |0.3| on a given factor were considered as important contributors to the factor. The factors were rotated using orthogonal (varimax) rotation, which results in uncorrelated factors. Each factor describes a food pattern that denotes correlated energy intakes between the included food groups. All participants were assigned a value (factor score) for each of the retained factors, which indicated how closely the participant's individual food intake pattern was in agreement with the overall food pattern described by the factor.
SES. SES was categorized into 5 groups based on a combination of information on occupation and education. Persons with .4 y of further education (master level), white-collar workers with .50 subordinates, and self-employed with .20 employees were placed in SES group 1. Persons with short or medium further education (up to 4 y), white-collar workers with 11-50 subordinates (if no master level education), and selfemployed with 6-20 employees (if no master level education) were placed in SES group 2. Persons with short education (up to 1 y), vocational education, white-collar workers with 1-10 subordinates (if no education corresponding to SES group 1 or 2), and self-employed with 0-5 employees (if no education corresponding to SES group 1 or 2) were placed in SES group 3. Skilled workers and white-collar workers with no subordinates (if no education corresponding to SES group 1, 2, or 3) were placed in SES group 4. Semiskilled and unskilled workers were placed in SES group 5. SES groups 1 and 2 were collapsed and labeled "high SES," SES group 3 was labeled "medium SES," and SES groups 4 and 5 were collapsed and labeled "low SES." SES at baseline was based on paternal SES. If no SES could be assigned to the father, the maternal SES was used. SES at follow-up was based on the participants' own occupation and education.
Covariates. Potential confounders were age, baseline survey (1983 or 1985) , baseline SES, and follow-up values of BMI, energy intake, physical activity, smoking status (nonsmoker/smoker), and cohabitation (yes/no).
BMI (kg/m 2 ) was calculated from self-reported height and weight at baseline and follow-up. Physical activity was based on information on leisure time physical activity, sports, and moderate-and high-intensity gardening. Each sport and activity was assigned a metabolic equivalent (MET), the ratio of work metabolic rate to a standard resting metabolic rate of 1.0 kcal (4.184 kJ)×kg 21 ×h 21 (12) . Sports were assigned different values according to performance level (exercise or competitive). Based on MET scores for leisure time physical activity, sports, and gardening (moderate and high intensity) (12), the total energy expenditure from these activities relative to the basal metabolic rate was calculated. Nonsmokers included never-smokers and ex-smokers and smokers included present smokers. Cohabitation was defined as living in a relationship with another adult regardless of marital status.
Statistical analyses. Results are presented as mean 6 SD or mean 6 SE. For all tests, P , 0.05 was considered significant. All analyses were performed using SAS 9.1 (SAS Institute), except PCA for derivation of food patterns, which was performed using SPSS (version 18).
We used multiple linear regression analysis for the main analyses. The regression analyses were done both with and without adjustment for potential confounders. Confounders were chosen a priori and were kept in the analyses even if they did not change the estimates. Each of the 2 identified food patterns was regarded as a separate outcome variable.
All analyses were done separately for men and women due to interaction between sex and SES. In the analyses, 364 women and 280 men with complete data were included. In the crude model, only adjustments for age and baseline survey were made. The moderately adjusted model was further adjusted for BMI and energy intake, and the fully adjusted model was further adjusted for BMI, energy intake, physical activity (MET score), smoking status (nonsmoker/smoker), and cohabitation (yes/no). In longitudinal models, we examined whether childhood SES affected the associations between food patterns and adult SES. Furthermore, the longitudinal models were tested for interaction between childhood SES and adult SES.
Results
From the PCA, we found 2 to be the optimal number of factors in our data. The first factor was a combination of a traditional Danish and a Western food pattern with high loadings on red meat (beef, lamb, pork), sauce and dressing, potato dishes, meat and pâté for bread, fast food, salty snacks, cakes and biscuits, rye bread, sweets, sugar-sweetened drinks and fruit juice, eggs, and desserts. We labeled this factor traditional-western food pattern. The second factor was a green food pattern with high loadings on raw vegetables, cooked vegetables, fresh fruit, dried fruit and nuts, poultry, fish, eggs, cereal, desserts, and pasta, rice, and
Food patterns and socioeconomic status 929 bulgur. We labeled this factor green food pattern. Only eggs and desserts loaded high on both food patterns ( In general, both men and women considerably increased their mean BMI during the 20-22 y of follow-up; however, the increase was larger for men than for women (Table 2 ). Many participants also changed SES from baseline to follow-up; 151 moved to a lower SES group, 283 moved to a higher SES group, and 210 did not change. In general, both men and women moved up in SES (P , 0.0001 for both sexes). The fraction of current smokers remained constant for both men and women, but slightly more women than men tended to smoke during both adolescence and adulthood (P = 0.06).
Food patterns and SES. In both men and women, low adult SES was associated with higher adherence to the traditionalwestern food pattern than higher SES. However, this association was significant only in men. Adjustment for potential confounders weakened the estimates, but the association among men remained significant. These associations were essentially similar after adjustment for childhood SES (Table 3) .
High adherence to the green food pattern was related to high adult SES in both sexes in cross-sectional analyses. The difference in factor score between the highest and lowest adult SES group was larger in men than in women (P = 0.001 in the fully adjusted model). Men with medium and low adult SES did not differ from each other (P = 0.35), but they had lower green food pattern factor scores than men with high adult SES (high vs. medium SES: P = 0.0008; high vs. low SES: P , 0.0001). Inclusion of childhood SES in the model gave virtually similar associations. Women with high and medium adult SES had similar green food pattern factor scores (P = 0.77), whereas women with low adult SES had lower green food pattern factor scores (low vs. medium SES: P = 0.04; low vs. high SES: P = 0.02) ( Table 3 ). When childhood SES was included in the model, the association between the green food pattern and adult SES became nonsignificant, whereas childhood SES was significant.
Those women with high childhood SES had higher green food pattern factor scores than those with low childhood SES, regardless of their adult SES (Table 4) . Among men, those with high adult SES had higher green food pattern factor scores than those with low adult SES, regardless of childhood SES (Table 5 ).
Discussion
In this study, we found that, as hypothesized, in general a healthy food intake pattern was related to high socioeconomic position. Adherence to a traditional-western food intake pattern determined by high intakes of red meat, sauce and dressing, potato dishes, fast food, rye bread, sweets, snacks, desserts, and sugarsweetened drinks and fruit juice was more common among men with low SES, whereas adherence to a green food pattern with high loadings on raw and cooked vegetables, fresh and dried fruit, poultry, fish, and cereal was more common among both men and women with high SES. Surprisingly, adult dietary patterns were found to depend mainly on childhood socioeconomic position among women and mainly on adult socioeconomic position among men. The different influence of childhood SES on food patterns between women and men, in our study, may be partly related to gender differences in the awareness of dietary intake and possibly to gender roles. Women are generally more aware of healthy eating than men (13) . Furthermore, women are more concerned about weight control and have a higher frequency of dieting than men (13) . These behaviors related to the female gender are probably founded early in life (14) , carried forward, and, thus, may influence dietary patterns in adulthood. Therefore, the potential influence of SES in childhood may be carried forward to adulthood in women. Because men are less focused on dieting and weight control (15) , they are potentially less influenced by childhood habits and parental influence and hence attained dietary patterns may primarily be related to adult SES.
Our results are partly supported by Mishra et al. (16) , who found that upwards social mobility in the 1946 British birth cohort was positively associated with food patterns called "health aware" (fruit, high-fiber foods, polyunsaturated fat, etc.) and "dinner party" (coffee, alcohol, cream, etc.). However, in this study, the associations were similar in men and women, and those who changed social class had factor scores intermediate of those who remained in the high or low social class.
Cultural differences between Great Britain and Denmark, as well as generational differences between the 2 cohorts, may explain part of the different effect of sex between the study by . *P # 0.05, **P # 0.01, ***P # 0.001. 2 Adjusted for age follow-up and baseline survey. 3 Adjustments as 1 + energy intake follow-up and BMI follow-up . 4 Adjustments as 2 + smoking follow-up , physical activity follow-up , and cohabitation follow-up . 5 Adjustments as 1 + SES baseline . 6 Adjustments as 2 + SES baseline . 7 Adjustments as 3 + SES baseline . Mishra et al. (16) and our study. In addition, they used only occupation for categorization of SES, whereas we used a combination of education and occupation. Indeed, education has been found to be more clearly related to health behavior than occupation and income, as suggested by a Norwegian study that found food intake patterns to be strongly associated with education in men and women, whereas income was not associated with food patterns (17) . Also, another study conducted among Portuguese adults found education, but not income, to be a strong predictor of healthy food habits (18) . However, other studies like the FINMONICA Study have found both educational level and employment status to be positively associated with food behavior in both men and women (19) . Together, these studies indicate that the different measures of SES may be partly responsible for the diverse results. Our detection of 2 distinct food patterns, a traditionalwestern and a green food pattern is in accordance with findings from other studies of food patterns. Studies using PCA, such as we did, as well as studies using other data-driven methods for deriving food patterns have often found comparable numbers and types of patterns (20) (21) (22) (23) (24) (25) (26) (27) (28) , although other studies have detected up to at least 7 patterns composed in various ways (29) (30) (31) (32) (33) . We did not have sufficient power to split the sample in 2 and test the reproducibility of the factors. However, we examined 2-, 3-, and 4-factor solutions before the decision to choose the 2-factor solution was made and we observed a high stability in the food patterns with all the different solutions. The 2-factor solution was chosen, because this, in our view, was the optimal solution statistically and technically, as well as for nutritional interpretation. The use of energy intake from each food group as input variables was based on the theoretical considerations mentioned in the methods section regarding the interpretation of the derived food patterns. However, in practice, the food patterns reported here did not substantially differ from food patterns based on g/d data.
We did not have information on diet at baseline and we were therefore not able to examine the effect of childhood SES on changes in food patterns. However, with the inclusion of historical information on childhood SES in the models, we could take into account the effect of changes in SES on attained dietary habits and thereby still add a temporal perspective to the associations. Other studies have found that food preferences and habits are established through experiences and learning in the first years of life, which shape the later preferences and habits related to adult food intake (34) . Dietary habits of children as early as 3-4 y of age have been found to influence dietary habits through childhood and into adulthood (35, 36) . However, despite considerable tracking of dietary habits and food choices (36) , different factors may modify dietary behavior throughout life. Socioeconomic position may be one such factor, which may influence dietary habits through economic capacity, dietary knowledge, attitudes, and beliefs, and food preferences (37) . Preference for certain healthy foods and food groups such as potatoes, vegetables, fruit, poultry, fish, and eggs may be more influenced by the childhood environment than other food groups (38) . These food groups are generally in agreement with the green food pattern identified in the present study, and our findings may imply that at least for women, childhood SES seems strongly related to high adherence as adults to a more healthy food intake pattern. Healthy food choices in adult life may depend on childhood exposure to these food groups, whereas less healthy food habits, such as those seen with the more traditional-western food pattern, which are generally fatty, sweet, or salty, can be learned more easily throughout life due to our genetic predisposition to preference for these tastes (2).
Strengths and limitations. Behavior related to diet is partly included in the food patterns because they take into account the combination of foods in the diet. The food patterns reflect both foods eaten often and foods eaten in large quantities but may also reflect foods that rarely or never are eaten by someone who closely adheres to a certain pattern. Therefore, the use of food patterns, which are likely to provide a more complete picture of dietary habits compared with the use of single-nutrient measures, is a strength of the present study. Furthermore, with the use of PCA, all participants are given a value (factor score) that reflects the person's adherence to each pattern. Therefore, in contrast to cluster analysis, where each participant is assigned to one cluster, all participants were included in analyses of both food patterns.
Also, the dietary measurement method we used has advantages. The applied FFQ has been previously used and validated and has proven to provide a valid estimate of habitual dietary intake (8) .
We think that the incorporation of both education and occupation in the SES variable also was a strength of the present study, because it provided a more detailed description of SES than with use of only 1 indicator. It may also have reduced the amount of residual confounding, and it eliminated the potential problem of colinearity between the 2 if they had been included in the statistical models separately.
The present study used a sample of individuals followed from young adulthood into midlife for a period of .20 y. However, the long follow-up time may be viewed both as an advantage and a limitation. Differences between baseline and follow-up might potentially be large, which offers an excellent opportunity for discovering associations. The timing of the baseline study in youth and follow-up in adulthood provided some very interesting perspectives regarding changes in lifestyle and SES, which might be more pronounced during this period of life than at 2 time points 20 y apart in adulthood. On the other hand, the long follow-up time could also result in a less clear longitudinal relationship, because, over the 20 y, habits or lifestyle may have changed several times in different directions.
A few other limitations should be noted. First, the dropout from baseline to follow-up was large. Dropout rates are often higher in the lower social groups and in the obese/diseased compared with higher social groups and normal-weight individuals (39) . This was also the case in this study, where mean baseline BMI was higher and the socioeconomic distribution less favorable in the group that did not participate in the follow-up survey compared with those who did participate. However, the selective nonparticipation may be only a minor problem in studies of associations, such as this one, compared with prevalence studies, although the nonparticipation in our study might also have attenuated our results to some degree. Hence, stronger associations would have been expected had more of the initially more overweight persons and a larger proportion of those from the lower socioeconomic groups participated in the follow-up survey. SES may also potentially have been subject to misreporting. At baseline, the teenagers were asked to state their parents' occupation and education. The answers sometimes lacked the desired amount of detail, and coding may thus have been imprecise. Again, this would have attenuated the results. However, we reduced the 5 SES categories to 3 and thereby, hopefully, reduced the risk of misclassification.
Finally, factor analysis is highly data dependent, and if there is a high intake of a certain food group among all participants, this food group will not appear to be an important part of any factor or pattern (40) . The food patterns may therefore have missed important food groups, and one should thus be cautious to exclusively base dietary advice on the identified food patterns.
In conclusion, socioeconomic position is important for the development of adult food intake patterns. However, childhood SES seems more important for adult female food intake patterns, whereas adult SES seems more important for male food intake patterns. Such gender differences have not, to our knowledge, previously been recognized but may need to be considered when aiming to shape adult dietary intake patterns. The promotion of healthy dietary habits could, potentially, be more successful if differences in the specific influences on dietary habits from SES were considered for men and women separately. However, the result that the importance of SES differed between men and women should be confirmed in other populations and settings.
